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FOREWORDThe 

Envronmental Protection Agency was created because of Increasing publcand 
government concern about the dangers of pollution to the health 

andwelfare 
of the Amercan people. Noxous ar, foul water, and spoled landare 

tragc testmony to the deteroraton of our natural environment. Thecomplexty 
of the envronment and the interplay between componentsrequre a 

concentrated 
and Integrated attack on the problem.Research and 

development 
s that necessary frst step n problem solutionand It Involves 

defining 
the problem, measuring ts impact, and searchingfor solutons. The 

Muncpal Envronmenta Research Laboratory develops newand Improved technology 
and systems for the preventon, treatment, andmanagement of wastewater 

and sold and hazardous waste pollutant dschargesfrom municpal and communty 
sources, for the preservation and treatmentof public drinkng water suppies 

and to mnmze the adverse economc,social, health, and aesthetic effects 
of pollution. Ths publcation s oneof the products of that research, a most 
vital communcatons nk betweenthe researcher and the user communty.This 

report discusses the results of a 

characterizaton 
and treatmentfeasblty test program for the handling and 

disposal of the resdual sudgesfrom combned sewer overflow treatment systems.Francis 
T. Mayo, DrectorMunicpal Environmental 

ResearchLaboratory 



ABSTRACTThs 

rport summares the results of characterization and treatment testprogram 
undertaken to devlop optum means of handling and dsposal ofredual 

sludges from combned sewer ovrflow treatment system. Desktop engneerng revews 
were also conducted to gather and evauatepertnent Information relatng 

to of the treatment resduals tothe dryweather sludge handln/treatment and 
dsposal 

facltis.The results Indcate that he volumes and characterstcs 

of the resdualsproduced from CSO treatment vary idely. For the residuals 
evaluated in thisstudy the volumes ranged from less than I to 6 of the raw 

volume 
treatedand contaned 0*12 to 1 suspended solds. The volatile content of 

thesesludges vared between 25 and 63% wth biologcal treatent residuals 
showingthe hghest volatile content and fuel values. The heavy metal and 

pestcideconcentratons 
of the varous sludges were observed to be sgnfcant and 

arepresentedIt 
was concluded that the pump/beedback of CSO treatment resduals may 

notbe 
practcal 

for an entire cty because of the possibity of hydraulic and/orsolds 
overloading of the dryweather treatment faclites and other adverseeffects. However 

controled pump/beedback on a selectve bass may befeable. For low solids 
content 

resduas (storage, screen backwash wasteactivated sludge, etc.), 
gravity or flotation thckenng were concuded tobe the optimum steps for the 

removal of the major water portion while and vacuum filtraton were concuded 
to be the optmum technque for the hgh solids content resduals (settled storage 

treatmentslude, flotation scum and other thickened sludges) prior to 
their ultmatedisposal by Incineraton or andfil. As a result of the fndings and 

conclu¬sions of this nti study the is now involved n a study to:1. 
Evaluate 

on pilot scale basis the process treatment systems ofthickening followed 
by or vacuum fltraton forhandlng and dsposing of CSO treatment sludges, as 

well asstabilzaton methods such as dgetion.2. Develop capta and 
operating cots for the above mentonedtreatment systems.3. 

Evaluate 
alternative methods for ultimate disposal of stormgenerated 

resduals and assess the potential Impacts of 

suchhanding and disposa.This report covers a period from March 
1973 to February, 

1975 and was submitted in partia fulflment of Contract 68-03-022 
by the EnvironmentaScences Divson of Inc., under the 

sponsorship of the 

U.S.Environmental 
Protection Agency. 
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SECTION 

FINDINGS AND CONCLUSIONS1. 

Raw CSO Sludge 

Characterstcsa.b.c.d.f.The 

sludge 

volumes produced from the treatment of combned overflows varied 

from less than 1% to 6% of the raw flow volume treated.The solids 

concentraton of the sludge residuals from CSO treatmentvaried wdely, 
rangng from 0.12% to 1% total suspended solds. Thewde rang observed 
Is attrbuted to the CSO treatment method usedand treatment plant 

operatonThe volatile content 
of 

the sludge solids varied between 25% and 63%for the sludges obtaind 
from the treatment tpes Investigated.Biologcal treatment sludges 

showed the highest volatle soldsfracton (about 60%), whereas 
that for sludges from physical/chemcaltreatment showed only 25% to 

40% voatle fracton.As might be expected, thesolids 

also showed higherThe 
average 

fuel value of(6334 
compared tofor other 

sludges.biological sludges wth 
higher 

volatilefuel 

values compared to other sludge 
typesbologca sludges was 3515 an average of 

2032 cal/gm (3662 BTU/lb)Pestcide 
and concentrations in the resdual 

sludges 

investgatedwere observed to be sgnfcant. Generally, the PCB 
concentrationswere hgher than those for and TheCottage Farm (Cambridge, 

MA) storage treatment sludge generallyshowed the hgher 
pesticde concentratons In this study. The rangeof PCB and pestcide 

values for the varous sites Investgated were:PCB non-detectable 
topp*DDD non-detectable to non-detectable to non-detectable to6570 

dry sol Ids225 dry 
sol ds170 dry sol Ids192 

dry sol IdsHeavy metal 
and N1) concentratons 

in the resdualsludges 
were also sgnfcant 

and vared wdely for 
the sudgesnvestgated. 

Cambrdge HA sludge agan showed generally higherheavy metal concentraton 
of the sudges Investgated. The range ofheavy meal concenratons 

for the varous stes nvestgated wer: 



Znc 697-7154 dry soldsLead 
164-2448 mg/kg dry soldsCopper 

200-2454 mg/kg dry solidsckl 83" 

995 ng/kg dry soldsChromum 52-2471 
mg/kg dry soldsMercury 0.0-100.5 
mg/kg dry sods2. Dsposal of CSO 

Sludges by Pmp/ to Dry-Weather TreatmentFacltesa. From the results of 
a desk-top 

analysis it does not appear practcaln the cases studed to pump/beedback 
CSO treatment resduas froman entre cty's combned sewers to an 

exstng dry-weather treatment because of the possblty of exceeding the 
hydraulc and/orsolds handlng capactes of such facltes Addton of 

sludgehandlng 
facltes or controlled pump/bleedback of CSO treatmentresduals 

from a porton of ctys combined sewer area would bepossble.In 
some cases on-ste treatment of wetweather flow sludges may 

bepractcal, 

partculary when the dry-weather treatment facltes areat or near 
desgn capacty However before any one alternate Isdecded upon, ste-specfic 

analysis should be performed.b. In th cases studied, 
pump/bleedback 

of CSO treatment residuals mayproduce only margna 

hydraulc (020% or ess) of thedry-weather treatment capacity when the 
pump/bleedback Is spread overa period of 24 hours or greater.However, 

the solds loadngs (assumng complete transport and nosolids settling 

in the sewer), may increase as 

much as 300, when thepump/bleedback Is spread over a 24 hour 
period (for treatment resdualconcentratons greater than 1% sods). The 

Impact of such dschargewll be proportionately less when the pump/bleedback 
s spread overperods greater than 24 hours.Tolerable solds loadngs 

may result from the pump/bleedback of suchow solids CSO treatment 
residuals as andfltrates 

from 

auxlary CSO sludge dewaterng treatments as gravityor flotaton 
thckening 

and vacuum fltraton.c. Pump/bleedback of the retaned contents 
of storage treatment basnsmay produce hydraulc and solds overloadlngs 

of 100% or hgherof the dry-weather treatment facltes when 

spread over a 24 hourper d. The overoad effect of pump/bleedback of 
CSO treatment resduals mayproduce shock loads (hydraulc, solds, 

toxc heavy metal levels.PCB and pstcdes low volatile solds, etc.) 
which may 

adversely 



affect dryweather treatment operaton and performance (prmary,secondary 
and sludge handlng and dsposal). Any 

reducton in the treatment effcency of the dryweatherfacles due 

Co pump/beedback. although small In terms of concen¬traton, can add 

sgnfcant pollutant load In terms of mass loadngon the receivng water 

body. Furthermore, even assuming no reductonIn treatment efficiency, 
at least some fracton of the resduals would discharged to the 

recevng water asa carryover the treaed effluent. Ths Is a 
dsadvantage 

of hepump/bleedback concept that must be considered n Its 
evaluation.3. Dewatering of CSO Treatment Sludgesa. Retaned contents 

of the storage treatment at the end 
of 

an overfowmust be concentrated va conventonal technques such as 
sedmentation,prior to further thckenng of the residuals. The supernatant may 

thenbe ether dscharged to the recevng or dry-weather sewagetratment 
faclites (If permssble Centrlfugatlon was found to be the optimum 

dewatering process for theon-ste treatment of Milwaukee 

W and Cambridge, MA (storage treat¬ment) sludges, based on performance, 
area and cost consderatons.b. combinaton of gravty thckening 

and provdedoptmum treatment for most CSO sludges evaluated during 

ths study.Ths combination was most effctve for less concentrated 
combnedscreen backwash and flotaton scum residuals such as for Racne,Wl 

For more concentrated residuals, such as for flotation scumsat 
Milwaukee and San Francsco, drect centrfugaton and vacuumfltration 

were effectve.c. Basket type centrfuges were ndicated to be 
better suted fordssolved-ar flotaton sludges (Racine and San 

Francsco) andbological 
treatment 

residuals (Kenosha and New Provdence) becauseof poor Ity of 
these sludges.d. Vacuum filtraton in combnaton wth gravity or 

flotaton thckenngprovded optmum dewaterng performance for alum treated 
dssolved-air flotation (San Francsco) 

sludge and the biologcal sludges.However based on area and cost 
requirements, 

the results of gravityor flotation thickenng plus centrifugation 
were comparable to vacuumfltraton.e. No sgnficant dfferences 

n dewatering characterstcs were apparentfor the wet and dry-weather 
sludge samples obtand from the prmaryand secondary at New Provdence, 

NJ, 

although 
the rawludge resduals were signfcantly dfferent Inherently. 



4. Consderatons for Ultmate Dsposal by ncneratona. As 

prevously stated, the fuel values obtaned for the CSO treatmentsludges 
Investgated varied sgnfcantly wth bologcal sludgeshavng the hghest 

values.b. The calculated 

heat requirements for the Incneraton of the CSO sludges showed that a 
sgnfcant 

amount of auxlary heatwould be requred to sustan 
combustion. 



SECTION 

IIRECOMMENDATIONS. 

The treatment processes of thckenng followed by centrlfugatlon shouldbe 
further utlized on full scale bass to deonstrate the effectvenessof ths 
treatment cmbnaton for the handlng and dsposa of CSO sludges,2. Develop 

basc 

desgn critera and operating characterstcs of the dewaterng system n 
a form that can be into actual practice wth minimum delay.3. Develop 

captal and operating costs for the demonstrated 

treatment system.4. Evaluate, on a natonwde basis, the extent of the 
wet-weather 

flow sludgeproble wth respect to quantes generated characterstcs and 
facltyand 

cost requireents for handlng and dsposal of the CSO sludges.5. Evaluate 
the "shock load" effect of CSO treatment resduals on dry-weather 

treatment plant operation and performance.6. Evaluate alternative 
methods for ultmate disposal of raw CSO sludgesand 

treated CSO sludges.7. Investigate the feasblty of land treatment/dsposal 
of raw C50. 



SECTON 

IINTRODUCTIONThe 

pollutonal contribution of combned sewer overflows Is of natonalImportance. 
The magntude of the problem Is Illustrated by the fact that morethan 

1.300 
Unted States communtes servng 25.8 mllon people have combined systems (1). 

Sufficent informaton has been accumulatd to confrm thatthe combned sewer 
overfow 

problem Is of major Importance and Is growingworse wth Increasng 
urbanzaton economc expanson, and water demands (2).Varous methods for dealng wth 

combned sewer overflows have been proposed.These methods pertain to the segregation 
of sewers enlargement of Interceptorsand storage and treatment of combned 

sewer overflows. Among the varoustreatment methods are the physcal, 
physcal-chemcal and biologcal treatmentsystems. Many of these concepts have been 

demonstrated or are planned fordemonstration by the (3,4.5). As wh most 

wastewater treatmentprocesses, treatment of combned sewer overfows by 
the above processes resultsn resduals whch contan, In the concentrated form, 

objectonable contam¬nants present n the raw combned sewer overflows.Sludge 
handlng 

and dsposal of the residual sludgs from 
combned 

seweroverflow treatment has been generaly neglected, thus far, In favor 
of theprobles assocated wth the treatment of the combned sewer overflow 

Itself*Optmum handlng and dsposal of these resduals must be consdered an 
Integralpart of CSO treatment because It sgnfcantly affects the effcency and costof 

the tota waste treatment system. Surprsngly, there Is ltte informationavalable 
n the lterature concerning the characterstcs, methods of dispoaland economcs 

of the sludge and Its dspensaton, EPA has recognzed the needfor defnng th probles 
and establshng treatment procedures for handlngand dsposing of residual 

sludges from combned sewer overflow treatment.Durng 1973, USEPA awarded a 
contract (No. 68-03-0242) to Inc. toInvestgate Phase 1 (Characterzation) 

of 
a two phase program whose totalproject objectives for both Phase t and 

Phase II are:1. Characterze the resdual sludges arsng from the treatment(physcal, 
physcal-chemcal, and boogca) of combned 

seweroverflows 
(Phase I).2. Develop and demonstrate a process 

treatment 
system for handlng anddsposng of the sludges arsing from 

treatment of combined 

seweroverflows (Phase 11).3. Devlop captal and operating costs for the 
treatment systesdeveloped and demonstrated (Phase 11). 



Ths report incorporates the results of the characterizaton and feasbltyinvestgatons 
undertaken n Phase I of the above mentioned project.The frst 

and most dffcult step In the ultmate disposal of sludge s theremoval of the 
water normally assocated wth the sludges. In general, theess water 

assocated 
wth the sludge solids, the less costly the subsequentsteps of ultmate 

disposal. The varous steps eading to the ultimatedsposal of the sludges 
arsng from conventonal dry-weather treatment are:I) thckening by sedimentaton 

or flotaton, 2) digeston of thickened sludges.3) dewaterng by centrlfugatlon 
or vacuum and 4) ultmate disposaby ncneraton and/or landfill. Dgestion of 

the sudge resduals isgenerally practced after step one and the digested 
sludge may or may not be prior to ultmate dsposal. Although information 

regarding thehandlng and dsposa of sludges arsng from combned sewer 
overflowtreatment s ackng It is Indicated that the procedures used for 

handngconventonal waste treatment sludges shoud be applicable. Therefore theunt 
treatment processes of gravty thckenng, flotation thckening, centri¬fugaton, 

vacuum filtration and Incneraton were evaluated for the handlngand dsposal 
of CSO treatment resduals.The specfic objectives of ths proect were met 

through the performance ofthe followng 

work 
tasks:1. Desk top reviews evaluatng a non-conventonal method for 

handlngcombned 
sewer overflow 

resdues by pumping back or bleeding backthe resdua sludges or stored 
overfows to the derving seweragesystem.2. Feld surveys conducted 

at 
selected EPA combined sewer overflowtreatment stes to acquire 

and 

evaluate 

differences in sludgecharacteristcs attrbutable to treatment 
process differences. Inaddtion, bench scale Investigations 

were 
conductd on residualsludges usng conventonal methods for handlng 
combined seweroverflow resdues.3. Derivaton, development 

evaluaton, and comparson of alternatveprocess flow sheets for the 
handling and 

disposal 

of the sludgesarsing from the treatment of combned sewer 
overflows.Several EPA demonstraton proects were contacted for the 
procurement of heresdual samples. Sutable samples were 

obtaned 

from eght treatment sitesIn seven ctes across the naton. A lstng of the 
stes from which thesamples were procured Is shown In Table 1. Detailed 

descrptions 
of the dryand wet weather treatment faclties sted Table l are 

presented nAppendix A. The ensung sectons of ths report delneate the 
samplngprocedures test methods, test results desk top reviews,engneerng 

evaluatons and proposed recommendatons. 
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SECTION 

IVSAMPLING. TEST METHODS AND 

PROCEDURESSAMPLE 

COLLECTIONAs 

mentoned previously, sludge samples were collected from eight treatmentstes 
In seven U.S. ctes. All samples were collected manually. Only onesample 

was obtaned from each site for characterizaton and testing. Each ofthese 

samples was manually from several grab samples collecteddurng the operation 
of the treatment faclty. Most of the feasbity testswere conducted on ste 

except for two stes where samples had to be airfreghted to Milwaukee 
because of scheduling diffcutes These arrangementsgenerally necesstated a sudge 

agng perod of 4 to 36 hours after whichthe feasbity tsts coud be started. 
Laboratory analyses requrngImmediate attention, such as BD5 and 

were 
undertaken Immedatelywhle samples were refrigerated for other less critcal 

analyses. Separatespecal samples were also preserved immedately n glass 
bottles havng lined stoppers for pestcdes and PCB analyses.Every effort 

was made to utilize unform samplng and testng 
procedures 

forvarious sludge samples; yet certain specal handng procedures had to 
beadopted for indvidual sludge samples because of their Inherent differences.The 

following details the Indvidual sample colections for the various 
stesvisted.1. Humbodt Avenue, Milwaukee, Wl - This treatment facilty produces the 

entire 

contents of the storage basn asthe treatment residuals. Durng 
overflow perods, the tank contentsare mxed wth only one of the seven 

rotary mixers to dspense chlorineand to enable the detention tank to 
act as a settlng basn. After theoverflow has subsided all mxers are 

activated to settledsolds and the of the tank contents to the sewer 
commencs.Thus, large volumes of relatvely dilute resduals are produced 

thatmust be disposed of in a satsfactory manner. A 0.9 (240 gal.)sample 
of the contents of the storage tank was collected forthe storm 

event of March 3. 1974.It was observed that the colected waste 
settled very poory and thesupernatant was very turbd. This may have been 

due to the fact that thetank 
contents 

were mxed overnight and any flo present was sheared. Thesuspendd 
solds concentraton of ths sample was only 81 andfurther concentraton 

of the solids present via sedimentation was deemednecessary pror to 
undertakng any thckenng tests. To facltate 



faster settling the waste was treated wth 25 of ferrc chlordeand 
floccuated for two mnutes. The waste was then allowed to settle foron hour 

before the supernatant was removed. Approxmately two gallonsof settled 

sludge was collected from the orgnal sample. Ths chemcallyclarfed and 
settled 

sludge was utilized In the bench testng andlaboratory 
analyses.2. 

Cottage Farm, 

Cambridge, MA - Ths nation Ityproduces Targe volumes of retained resduals 
whch are normally returnedto the dryweather treatment faciity. No 

mxng 
provsons are avalabeIn the detenton tank. Ths necesstates manual hosng 

down of the resdualsolids from the bottom of the tank after the supernatant 
has been pumpedout. Two separate samples of ths residual sludge were 

collected on February20 and March 21. 974.3. Phladelphia, PA - Ths pot scale 
demonstraton Ity 

treatment 
of combined sewer overflows. No sutable sludgesample could be 

colected during th contract period. Hoever, a backwashwaste sample was obtaned 
manualy by flushng Street between and 6th Streets with fire hydrant 

water on two occasons(January 30 and 31, 197 Also, a small backwash sample 
from an earleroverflow (January 27, 1974) was collected. 

Comparison 
of the manuallyflushed and actual storm samples Indicated that there 

were sgnfcantdfferences In their characterstcs. Therefore, It was 
fet that anyresults derived from the thckening testng of the collected 

sample wouldnot truly represent the sludges from rnlcroscreening 
treatment of CSO.Hence an results obtained from bench tests at ths ste were 

omittedfrom this report.4 Racne, Wl - The sludge at ths ste is gnerated 
by a screenng flotaton system. Because of the nature of ths system,two 

sludges are 

generated. 
The first of these Is the backwash from thescreenng process. 

The second sludge is the scum produced from the dssolvedar fotation 
process. At this ste residual solds from both sources arepped to 

common tank and eventually returned to the sewer when suffcentlylow flows are 
experienced. Snce It was not physically possible to obtainseparate 

representative 
samples of the screen backwash and floated scum atths ste (due to the 

closed ppes carrying the two residuals), a 0.15 (40 gal.) sample of the 
combned residuals was obtained from the holding tank,Due to the dlute 

nature of this sample It was deemed necessary to providefurther concentraton of 
the solids present va sedmentaton prior to under¬takn any thckening tests. 

The collected sample showed good amenabiityto settlng and the resdual solids 
could be concentrated to approxmately\2 of the orginal volume withn 30 minutes 

of sedimentation. However,this reduced volume of recovered sludge was 
not suffcent to conduct allbench-thckenng tests. Therefore, another largr 
sample was colected fromthe holdng tank from the next storm event during 

September 1973. Tofaclitate collection of a large concentrated sample, 
the combned contentsof the hodng tank were allowed to sette In the same 

tank at the treatmentste. A 0.08 cu m (20 gal.) sample of the concentrated 
sudge having aolds content of 2.72 was then drawn off for thckening 

tests.0 



5. Hawley Road, Ml Wl - Ths ste also has fotaton pot demonstraton system 
wth a treatment apacty of18,925 cu (5 mgd). Durng the storm event 

of July 21, 1973 onlythe dssolved-ar flotaton scum was obtained snce 

the screen backwashsystem dd not require actvaton. Several grab samples 

collected manuallyduring the operaton of the treatment facty were mnualy 

toone 0.15 cu (40 gal.) sample for characterzaton and thckening tests.6. 

aker Street, San Francisco, CA - The dssolved-air fotation processs used 

for the treatment of CSO at ths ste. Flexblty exists to per¬mit recyclng 
of ether the treated effluent or raw Influent stream forar saturaon 

under 
pressure. The chemcal feed systems are providedfor addng aum, caustc 

and sodium solutons.A 0.15 m (40 ga.) grab sample of the floated 

scum was obtaned onFebruary 12, 1974 for characterzation and aboratory 
thckening 

tests.The treatment facty was operated n the effluent recycle 
mode ofoperation using alum, caustc and polyelectrolyte durng this storm 

event. 7. Kenosha, - A bologcal type treatment system usng the 
contactstabilzation process (modfied conventonal activated sludge process)Is 

utilized at ths ste for the treatment of CSO. The system is desgnedto 
treat 7700 cu (20 mgd) of combned sewer overflow. Theclarificaton and 

solds handlng facilites are shard wth the dry-weather treatment plant to 

obtain optmum use of the equipment. Durngdry-weather, waste 
activated sludge Is discharged through the stablzationtank to antan 

supply 
of vable stablzed sludge ready for use at alltmes. Durng an overflow 

this stabzed sludge Is mixed wth the rawwaste and arated In the contact 

tank for a period of 15-30 mnutes afterwhch the olds are settled in a fnal 

and returned to thestablzaton tank. During a storm event, all solids 

removed from theraw waste or bologcally produced are retaned wthn the 
system, 

I.e.in the contact tank, stabizaton tank or 0.15 cu m (40 gal.) 
sludge sample was obtained from the aerated stabl¬zaton tank Immedately 

after the overflow stopped on August 9» 1973.Th pont of sampling 
represented the most practical samplng pont forobtainng 

a representatve sample of th resdual waste sold.8. New Provdence, NJ - 
Ths faclity Is designed for the treatment ofdomestc wastewater wth a 

hgh amount of stormwater Infiltrate durngwet-weather perods. However, 
because of the bologcal nature of thetreatment system (trcklng 

filtration), 
the bota Is kept alve bycontnuous opraton durng dry-weather 

perods. Due to the dual use ofth trcklng flter faclty, two sludge 
samples 

were collected onedurng dry-weather and one durng wet-weather. 
Samples of the fnalclarifler and primary clarlfler sludge were collected 

durng both the dryand wet-weather perods.The prmary sludge was 
sampled 

from the sludge discharge lne from theprmary carlfler. About 0.13 
cu m (35 gal.) was collected for the dry-weather sample and about 

0.08 cu m (20 gal.) was collected for the 



weather sample. The fnal sampe was wthdrawn from the endof the sludge 
lne, where It mxes with the flow at the head end of theplant. About 

0.13 cu m (35 gal.) was collected during the dry-weatherperod for 
on-site 

tests whle about 0.08 cu m (20 gal.) was collecteddurng the wet 
weather event for characterizaton and bench tests.ANALYTICAL 

PROCEURESAnalytcal 

procedures 

were conducted n wth Standard Methods forthe Examinaton of Water and (6) 
and ethods for ChemcalAnaysis of ater and Wastes 11 are presented n 

Appendx 
SLUDGE THICKENG BENC TEST PROCEDURESThe bench tests consisted of 

gravty thckening, dssolved-ar 
fotatonthckenng, 

centrfuge dewaterng. and vacuum fitraton. Appendx Bcontains 
detaled 

descrptons of the sludge thickenng bench scale testingprocedures. 
A bref descrpton of these tests Is presented below:. Gravty Thckenng - 

These tests were conducted In one lter graduatedcylinders. The 
cylnders 

were flled wth sludge to the 1000 m markand allowed to settle for at 
least one hour. During ths tme readingsof the postion of the 

Interface 
were taken and recorded along wth theelapsed tme. Ths test was then 

repeated using a varety of sludgeconcentratons. Following these tests, 
various flocculatng chemicalswere screened to determne the optmum 

chemica and dosage for floformaton. The chemical was then added to 
the sludge at the predetermineddosage and another set of ing tests 

were conducted to defne theeffects of chemical The data derved was ten 
anayzed bya combnaton of the and (8) and (9) methods todefne desgn 

parameters for a gravity 2. Flotation Thckening - The basc equpment used 
n thesetests was a graduated cylnder, stopwatch, and pressurzed flow 
source.To conduct the test a predetermned amount 

of sludge was placed In thegraduated cylnder and pressuried flow was 
Introduced nto the sludgeuntl the total volume reached 1000 ml. The poston 

of the Interfacewas then recorded along wth the tme of the readng. 
Ths test was con¬ducted wth dfferent amounts of sludge so that the optmum 

recyce ratecould be determned Once determned, a series of tets were 
conductedto determne the optmum chemical dosage. The test yeldng the 

besestmated scum concentraton and rate of rse was then selected.3. Centrfuge 
Dewaterng - Chemically untreated and/or treated sludgewas for 

various 
times at dfferent "G" (gravitatonal) forces.The resultant was 

decanted off, measured, and analyzed forsuspended solds. The 
sludge 

depth was then measured and penetrabltywas determined va a glass 
rod. From the data recorded, cake solds, cakequantty, and optmum spn tme 

and speed were determned.12 



4. Vacuum Fltraton - Al of the sludge wth dfferent chemicaldosages 
were 

fltered through a flter paper held In a funnel. The volume of the 

fltrate and the elapsed tme were recordedas the test progressed. The 

specfc cake resistance was then calculatedto determne the optmum chemical 
dosage. The flter paper was replacedwth flter cloth. A varety of cloths 
were screened to determne whchcloth would best dscharge the cake. 

This 
cloth was then appled to theflter leaf and placed In approxmately two 

lters of chemically treatedsludge for a specfied pickup tme. The leaf 
was rotated out of thesludge and held upsde down for the specified 

dryng time. The fltratewas then measured and both the fltrate and cake 
wereanalyzed for olds. The data was then tabuated to determine the 

optimumcondtons for vacuum fltraton.3 



SECTIO 

VCHARACTERIZATION OF CSO 
SLUDGESThe 

characterzaton of CSO sudges Is presented accordng to the follownggropngs 
based on the type of treatment process utzed at the varous stes.A* Physcal 

Treatment 
and/or StorageSettlng1. Mlwaukee, Wl 

(storage/settlng)2. Cambrdge, MA 
(storage/settlng)3. Phladelpha, PA B. 

Physcal/Chemcal Treatment1. Racne, 

flotaton)2. Mlwaukee, Wl 

(screenlng/dssolved-ar 
flotaton)3. San Francsco, CA 

(dssolvedar flotaton)C. Bologcal Treatment1. Kenosha, 

W( (contact stab1ton)2. New Provdence, J 
(trcklng 

fltraton)A dscusson 

of the voumes produced and the sludge 
characterstcs emanatingfrom these groups 

Is 

presented In the followng sectons. The sludge quanttyand qualty data are 
based on the laboratory analyses of one grab or manualcomposte sample from each 

ste. The analyses were performed on the rawsamples pror to the conduct of 
the sludge treatment feasblt tests.SLUDGE VOLUMESThe sludg volumes 

produced per storm event at each ste and the estmatedvolumes of sludge that 

ould result 

from 
the treatment of the entre combnedsewer area for the respectve ctes are 

presented In Table 2. The volumesshown represent average values and were 
derved from the past data obtanedat these stes. Estmates of the average 

residual 
sludge volumes producedper unt of raw combned sewer overfow treated are 

aso shown In ths tablefor the varous treatment types Investgated. 
Comparatve 

avalable sludgevolume data for hgh rate fltraton treatment of CSO are 
aso Incudedfrom the Cleveland. OH study (10).4 
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As seen In Table 2, the volumes of resdual sludges produced from 
thetreatment of CSO vary from 0.2 percent to 6.8 percent of the raw flow treated.Among 

the varous types of CSO treatment resduals evaluated durng thsstdy, 

the storage/settlng treatment produced the least amounts of resduasas a 
percentage 

of raw CSO flow treated for further thckenng when It sassumed that 

the setted supernatant Is dscharged to the recevng water.Sludge volumes 
produced by dssolved-ar flotaton treatment alone were lessthan of the raw CSO 

treated (San Francsco and Hawley Road, Mlwaukee),however, the additon of 

screen backwash water to the flotaton sludgesIncreased the resdual 
volume 

to 4.8 of the raw CSO flow (Racne). The sodscontent of the fotaton sludges 

dropped from approxmately 3 to 0.8 dueto the dluton by screen backwash 
water. Thus, when screenng used wth flotaton the creen backwash water can 

account for nearly 80or more of the sludge volume. Therefore, It s ndcated that 
any possblesludge handlng ethod for the CSO sudge should Include separaton 
of thescreen backwash water and the floated sludge. Snce the backwash 

generallylow In solds. It could possbly be bled back to the sewer and treated 

wththe raw fow at the dryweather treatment facltes, If such added hydraulcand 
solds loadings can be Slude handlng would then beconcerned wth less than 

20 of the volume that Is due to the floated sludge,whch is about 24 
solds. This sludge could be thckened by gravtysettlng or flotaton and then 

further concentrated by centrlfugaton orvacuum ftraton before fnal 
dsposa.Because comprehensve ranfall montorng was conducted as part of the 

Racneproect (11). the sludge producton can 

also be related to the ranfall amounts.It was found that an average ranfall 
amount of 0.25 cm (0.10 In.) must fallIn the combned sewer area before overflow 

wll begn. overflow doesbegn, each addtional 0.25 cm In.) of rainfall will 
produce an averageoverflow of 17922 cu m (4,735.000 gal.) for the subject 

area havng acomposte average coeffent of runoff (c) value of 0.65. Using 0.048 
cu m(12.7 gal.) of sludge produced per unt volume of CSO treated 

reveals 
thatevery 0.25 cm (0.1 In.) of ranfall after the 0.25 cm (0,1 In.) 

willprodce 957 cu m (226,000 gal of CSO sludge for the Racne study area.Among 
the bologcal CSO treatment processes Investgated th contactstablizaton 

at 
Kenosha, Wl produced 3.5 of the raw CSO treated throught systm as the 

resdual sludg volume. Ths percentage was calculatedfrom the data obtaned from 
the Kenosha stormwater project report (12). Thereport showed that durng 

an 
average run, 3.248 cu m (3.5 millon gal.) ofCSO was treated removng 

3.977 (8,760 Ibs) of suspended sol Ids and producedanother 663 kg (1,460 
Ibs) 

of olds. Usng these numbers and an averagesolds concentraton of \ (the 
solds concentraton of one grab sampleobtaned durng ths study was 8300 the resdual 

sludge volume wascalculated to be 46 cu (122,600 gal.) or 3.5 of the 
raw CSO. Comparatvely,the average sludge volume from the dry-weather 

plant operaton at Kenoshas Indcated to be approxmately .1 of the average 
raw flow treated throughthe plant (13). (Ths percentage ncludes both the prmary 

as well as thewaste activatd sludge.) On a mass bass, ft s ndcated that 
an 

averageof 15,193 kg (33,500 Ibs) of solds are produced per day from the 
prmaryand secondary facltes. The average dry-weather flow through the 

plantdurng 
ths perod (1974-75) was 83,280 cu (22 mgd). Usng these16 



numbers, the amount of resdual solds produced from l3248 cu m (3.5 mllongal.) 
of drywather flow would be 2417 kg (5329 Ibs) of solds. Thus, Its indicated 

that the resdual solds produced durng dryweather treatmentare approxmately 
52% of the solds produced durng wetweather treatment atKenosha, Wl. The 

lower producton of solds durng dr-weather treatment sexpected because of the 
weaker solds concentraton of the Influent waste durngdryweather flow Average 

Influent suspended solds concentraton during dry-weather flow vared between 125 
and 160 durng 1970 to 1975 compared toa weghted mean average of 332 mg/1 

durng 1972 for the wetweather treatment.The resdual sudge volume from the 
prmary 

and secondary wascalculated o be 6.8 of the raw CSO from the trckng 
fltraton treatmentat Mew Provdence, NJ (4,5). The comparatve dryweather resdual 

sludgewas estmated to be 4.6% of the Influent flow and was agan found 
to be lessthan the wet-weather sludge producton.n order to compare the sludge 

volume producton from varous types of 

CSOtreatment, some data was made avalable to ths study from another EPA 

plotdemonstraton project (10) In whch hih-rat dep-bed fltration was utilzedfor 
the treatment of CSO. It was Indcated that an average of 4.0% of rawCSO was 

produced as resdual sludge (backwash wastewater) from ths type oftreatment. 
The solds content of ths wastewater vared from approxmately10,000 after 

1-2 mnutes of to less than 100 mg/1 afterapproxmately 5 minutes of 
backwashng.SLUDGE CHARACTERISTICSThe characterstcs of the CSO sludges obtained 

from ths study are presentedin Tables 

3-5 The solds content 

of the sludge samples varied wdely. Theholding tanks produced sludges of 1.7% 
4.4% and 11.0% solds after sedmen¬taton; the screening up to 0.7%. 

dssolved-air flotaton 2.25% (San Francsco)and 3.65% (Hawley Road, Milwaukee), 
screen 

ng/dssolved-ar fotation 0.84%(Racne), and bologcal treatment 0.12 to 2.5% 
for trcklng fltration(New Provdence) and 0.83% for contact stabilzaton 

(Kenosha).The 
volatle fracton of the sludge suspended sods vared from 25% to 

63%.Biologcal treatment sludges showed the hghest volatle 
fracton, 

about 60%,while physcal and physcal/chemcal treatment sludges showed only 
a 25% to48% volatie fraction.The BOD, DOC (dssolved organc carbon), total 

phosphorus and (total nitrogen) concentratons also varied widely. The highest 
concentra¬tions 

were 

found the sludge sample obtaned from Cambrdge, MA,The souble forms, 
amonia, 

nitrtes, and ntrates, were low Inconcentration for all sites except the 
New Provdence secondary sludge whchwas very hgh In ammonia 

concentration.It 
may be noted that the suspended solds vaue for Cambridge, MA 

shown InTable at 11% solids Is sgnfcantly higher than the corresponding 
value17 



Table 3. CHARACTERISTICS OF CSO SLUDGES 
FROMPHYSICAL OR STORAGE/SETTLING TYPE 



Table 4. CHARACTERISTICS OF CSO SLUDGES 
FROMPHYSICAL/CHEMICAL TYPE 

TREATMENTParameterSitesUnts 

Racine Ml San FrancTota So 



Table 5. CHARACTERSTICS OF SLUDGESFROM 
BIOLOGICAL 



ParameterTotal 

SolidsSuspended 
SodsTota 

Volatile So 
idsVolatile 

Suspended 
SolidsDissolved 

Organic CarbonTotal 
Phosphorus 

(as P)Total 
Nitrogen(as 

N)Ammona (as 
N)N0 

(as 

N)N0 (as 

N)DensityTotal 

ColformsFecal 

ColformsFuel 
Value 

ZincLeadCopperNickelChromumMercuryTable 
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for the same ste In Table at 4.4%. These two values represent 
twoseparate grab samples The frst sample showed a solds vaue of 4.4%,however, 

enough sample was not avaable for detaled analyss. Therefore,a second 

sample in larger volume ws obtained from ths ste. Ths samplewas analyed 
for varous consttuents and was found to have the sgnfcantlyhgher solds 

concentraton* 
The lower value was used In Table 2 comparsonsbecause It was judged to 

be more representative of the resdal soldsconcentratons based on 
communcatons wth the plant personnel (15).The sludge denstes ranged from 

1.00 to 1.0 gm/c for the varous sludgesanalyzed wth an average vaue of 1.026 
The storage/settlng typesludges had densty vales of 1.015 g/ and 1,06 

g/cm for Mlwaukee andCambrdge stes. The physcal/chemcal treatment sludges had 
denstesrangng betwen .01 to 1.07 The of the sludge samples colected 

ranged from 5.2 to 7.9. The ow 
valueof 

5.2 was found In San Francsco where alum was beng used.As would be expected 
with hgher volatle solds, the bologca sludges alsohad 

the 

greatest fuel values among the sludges evaluated The bologcalsludges had an 
average fuel value of 3>55 ca/gm (6334 BTU/lb) whle theother sludges 

produced an average fuel value of 2.032 cal/gm (3662 BTU/lb).It can also be 
noted that the fuel vaue for the prmary and secondary sudgesfor dry as wll 
as wetweather treatment at New Provdence, NJ were quteclose, rangng between 

3500 to 4500 cal/gm (6307 to 8109 BTU/lb).As can be seen In Tabe 5 the varous 
consttuents such as suspended solds,volatle suspended solds 

and showed snfcantly hgher concentratons In the secondary wet-weather sude 
compared to the dry-weathersludge for New Provdence. Ths Increase In wetweather 

sods may beattrbuted In some part to the synthess of dissolved organc 
matter presentn the sewer Infltrate resultng n hgher solids from the 
secondary The weaker suspended solds In the prmary wetweather sludgemay be 

a result of the dluton of the Influent sewage solds by thenfltrate.The 
results of the PCB and pestcde analyses are summarzed In Table 6.Among 

the PCB*s and pestcdes analyzed for the varous sludges the were 
generally of 

the hghest concentratons. The Cambrdge sludge showedth hghet concentrations 
of and whle the Mlwaukee Road) sludge had the hghest concentration 

of 
and the San Francscosludge had the hghest concentraton of The signfcantly 

hgherPCB value at Cambrdge may have been result of pollutant buldup 
In combnedsewers and Incomplete flushng of the tank resduals at the end 

of 
prevousstorm events.22 



Table 6. AVERAGE PCB AMD 
PESTICIDECONCENTRATIONS IN CSO 



Table 7. AVERAGE HEAVY 
METALCOCENTRATIONS IN CSO 



SECTION 

VIBENCH-SCALE THCKENING TESTS AND EVALUATIONSThe 

results of the benchscale dewaterng tests on the sludge samplesprocured 
from th varous CSO treatment facltes mentioned earlerare dscussed 

for each ste the three subsections below. Along withthe techncal 
feasblty evaluatons, economc analyses of the de¬watering technques 
were also developed for each ste. A complete listing of the cost data and 

the assumptons made to develop these data are pre¬sented In Appendx C. 
Cost data represent the latest available, December,1974 prices for captal 

equpment and updated publshed cost data (18,19)to December 1974 prces. 
Snce 

the CSO treatment systems at Phladelphia,Mlwaukee, (Hawley Road), and 
San Francisco were plot scale studies anddd not treat the entre overflow 

from the sewer outfall drainage area,these stes were scaled up to the 
entre flow for the respective techncaland economic evaluations that follow.A. 

PHYSICAL TREATMENT AND/OR 

STORAGE/SETTLNGThree 

samples of the treatment 
resduals 

were obtaned under ths categoryof CSO treatment Two of these samples 
were 

procured from storagetreatment stes In Mlwaukee, W), and 
Cambrdge, 

MA- The thrd samplewas the backwash waste from the plot 
rnlcroscreenng 

unt n Phladepha,PA. The detaned contents (CSO) from storage basns 
were 

ver dlutecompared to conventional sludges. For dsposal, these 
resduals canether be pumped or bled back to the dry-weather sewage 

treatment faciltiesor on-ste. A dscusion of the pump/bleedback concept of 
suchresduals Is preented in Section VI of ths report. For on-ste treat¬ment, 

It Is imperatve that such residuals be concentrated va conventionaltechnques 
pror to ther thckenng treatment. Therefore, for the studies heren, 

only 
the clarfed sludge resduals wereevaluated. As mentoned earer In Secton 

IV, because of the specalhandlng requred for the procurement of these 
three sludge samples onlylmted amounts of resduals were avalable for 

the dewaterng tess.Accordngly, only gravty, flotaton and centrlfugatlon 
thckening testswere conducted on these samples.lwakee, Wl, and Cambrdge, 

MAFgures 1 and 2 show the treatment schematcs of the bench-scale 
dewateringtechnques investigated at 

Milwaukee and Cambrdge, 
respectively. 

TheMilwaukee CSO sample was frst treated wth 25 mg/1 ferrc chorde 
and25 
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